Abstract:The current review summarizes the known routes to different azoles linked directly to imidazole. This review is divided into classes based on the type of azoles connected to an imidazole ring. Some medical applications are mentioned.
Introduction
Imidazole and its derivatives are an important class of heterocycles. Medicinal properties of imidazole compounds include anticancer, 1 antimicrobial, 2−4 antibacterial, 5 antifungal, 6 and antioxidant activities. 7 Molecules having an imidazole ring linked directly to an azole ring find applications in different fields of science. For example, imidazolyl-thiazoles and triazoles have been proved to possess antibacterial, antifungal, antischistosomacidal, protozoacide, and schistosomacide activities. 8−10 Imidazolylpyrazolylvinylpyridine is useful as an inhibitor of ATP-protein kinase interactions. 11 Moreover, imidazolylthiadiazoles showed antibacterial, antifungal, and antiarrhythmic activities. 12, 13 In addition, bis(indolyl)imidazole, known as topsentin, is a marine natural product and inhibited the proliferation of cultured human and murine tumor cells. 14−16 Also, indolylimidazoles are useful as an antidepressant, 17 and act as protein kinase C inhibitors. 18, 19 As a continuation of our very recently published review article concerning the synthesis of biologically active heterocyclic systems, 20−23 we prepared this review to present for the reader a survey of the literature on different azoles linked directly with an imidazole nucleus. Some of the medicinal applications are also mentioned.
Pyrrolylimidazoles
The reaction of imidazo [4,5-c ] isoxazole-6-carboxylate ester 1 with either acetylenic esters or ketones 2, in boiling toluene or neat, involved the addition of 2 molecules of an alkyne followed by ring opening and fragmentation, leading to the formation of (2-pyrrol-2-yl)imidazoles 3 in 37%-62% yields (Scheme 1). 24 2-Pyrrolyloxazolines 5 were readily obtained from 1-methyl-1H -pyrrole-2-carboxylic acid 4 by refluxing with thionyl chloride, followed by treatment with 2-amino-2-methylpropan-1-ol and finally reaction with thionyl chloride in boiling toluene. Quaternization of the oxazoline nitrogen followed by reaction with ethylene diamine in boiling acetonitrile gave 2-pyrrolylimidazole 7 in 87% yield. Moreover, oxazoline 5 can be converted directly to 7, in 79%-92% yield, by refluxing with ethylene diamine and aceteonitrile (Scheme 2). 25, 26 The reaction of pyrrole-2-carbaldehyde 8 with benzil derivative 9 in acetic acid in the presence of ammonium acetate led to formation of pyrrolylimidazole 10 in high yield, which was useful as an inflammation inhibitor (Scheme 3). 
Imidazolylpyrazoles
Imidazolyl-2-pyrazoline derivative 12, having antibacterial and antifungal activities, was prepared starting from chalcone 11 by reaction with phenylhydrazine (Scheme 4). 
Scheme 4
In the same fashion, imidazolylpyrazoles 14 were prepared, in 65%-80% yields, by reaction of chalcone 13 with hydrazine hydrate in refluxing ethanol for 10-20 h followed by diluting with water (Scheme 5). 
14
Scheme 5 5-Formyl-1-methyl-2-(methylthio)imidazole 15 reacted with methyl ketones followed by cyclocondensation of 16 with hydrazine hydrate gave imidazolyl-2-pyrazolines 17, which have antimicrobial activity (Scheme 6). Similarly, imidazolylpyrazolines 19 were prepared by condensation of the corresponding imidazolepropenones 18 with phenylhydrazine (Scheme 7). 
Scheme 8
Benzylideneimidazolylpyrazolinones 25, as potential antimicrobial and acetylcholinesterase inhibitory agents, were prepared from the corresponding benzylideneoxazolones 23 and the aminopyrazolone 24 (Scheme 9). The 1-methyl-5-nitro-1H-imidazole-2-carbaldehyde 31 was treated with methylhydrazine to give hydrazone 32. Bromination of 32 using NBS and cyclization with malononitrile yield 34, which is used as a bactericide, particularly in animal feeds (Scheme 12). Imidazolylpyrazole hydrochloride 34, used in the treatment of diseases linked to the modulation of cannabinoid receptors in animals, was prepared from 5-(4-chlorophenyl)-1-(2-chlorophenyl)-4-methyl-1H -pyrazole-3-carboxylic acid ethyl ester 33, via reduction with diisobutylaluminum hydride, then Swern oxidation with oxalyl chloride/DMSO in dichloromethane, followed by reaction with formamide/4-methylbenzenesulfonic acid in dichloromethane containing chlorotrimethylsilane. Then the obtained product was dehydrated with POCl 3 in THF, and finally reacted with o -trifluoromethyl benzyl amine hydrochloride (Scheme 13). 
Scheme 13
Cyclocondensation of cyanopyrazole 37 with propane-1,2-diamine gave 1, Treatment of 1,3-dimethyl-4-nitro-5-pyrazolecarboxamide 39 with ethane-1,2-diamine, followed by reduction using diisobutylaluminum hydride gave 2-(4-amino-1,3-dimethyl-5-pyrazolyl)imidazoline 40 (Scheme 15). Herbicidal thiazolylimidazolones 64 were prepared by treatment of 2-amino-5-substituted thiazoles 62 with phosgene, which gave 1,3-di(thiazol-2-yl)urea 63. Reaction of the latter with 2,2-dimethoxy-N -methylethanamine followed by cyclization under thermal conditions and acylation afforded 64 (Scheme 23). Microwave-assisted synthesis of a novel class of imidazolylthiazolidin-4-ones has been reported, in 2 steps, by reacting a mixture of 5-phenyl-1H -imidazol-2-amine 74 and 2,5-disubstituted benzaldehyde 75 in dry toluene using 5 mol% of Yb(OTf) 3 as catalyst, followed by reaction with mercaptoacetic acid under microwave irradiation (Scheme 27). and ammonium acetate, respectively (Scheme 28). 
Oxazolylimidazoles
The reaction between ethyl (Z)-3-dimethylamino-2-isocyanoacrylate 96 and arenesulfenyl chlorides 97 gave (oxazolidinyl)imidazolecarboxylates 103 in 69%-78% yields via the intermediates 98-102 (Scheme 33). Diazotization of 1-acetamido-5-amino-4-cyanoimidazole 114 using sodium nitrite in aqueous acetic acid followed by reaction with sodium azide gave 5-azido-4-cyanoimidazole 115 in 94% yield. Reaction of 115 with active methylene compounds 116 in the presence of a base led to imidazolyltriazoles 117 (Scheme 36). The imidazolyltriazole 120 was prepared by treatment of ethyl 1H -imidazole-2-carbimidate 118 with acetohydrazide to give 119, which was then cyclized in acetic acid (Scheme 37). The reaction of 2-hydrazino-2-imidazoline 121 with ethyl N -cyanoformimidate 122 gave triazoleamine derivative 123 (Scheme 38). Thiol 138 was treated with phenylchloroformate and then oxidized to give 139, which was aminated with dimethyl amine and treated with 2,2-dimethoxy-N -methylethanamine and then hydrolysis of the acetal group was followed by cyclization to give 140, which is useful as a herbicide (Scheme 43). The synthesis of 3-methyl-5-(1-methyl-5-nitro-1H -imidazol-2-yl)-2,3-dihydro-1,3,4-thiadiazol-2-amine 145 was conducted by treating ethyl 1H -imidazole-2-carbimidate 118 with acetohydrazide to give 144, followed by cyclization with P 2 S 5 (Scheme 45). Herbicidal thiadiazole derivatives 153 were prepared by treating the amines 148 with phosgene, followed by reacting with aminoethanols 150 followed by chlorination and then cyclization with base (Scheme 47). A 2-step regioselective synthesis of indolyl imidazole 163 was reported by the reaction of α -azidoacetyl indole 161 with carboxylic acids 162 in the presence of trimethyl phosphines followed by cyclization using ammonium acetate under microwave irradiation (Scheme 50). Antihypertensive benzimidazolones 191 were prepared by N -formylation of 2-nitroaniline followed by treatment with sulfurylchloride to give 2-nitrophenylcarbonimidic dichloride 188. Reaction of 188 with ethane-1,2-diamine followed by reduction with Raney Ni gave 190, which then was cyclized with urea to produce 191 (Scheme 58). 
Conclusion
This survey has attempted to summarize the synthetic methods and medicinal applications of different azoles directly attached to an imidazole nucleus in recent years. In the future we will publish a review article covering the fused imidazole nucleus with different azoles.
